The studies reported were made to determine whether certain tests for lipolytic, pectolytic. and alginolytic activities might be of practical value in taxonomic work within the family Enterobacteriaceae, or of value in defining the limits of that family.
There are a number of publications that refer to the lipolytic reactions of members of the genus Serratia (e.g., Eijkman, 1901; Nashif and Nelson, 1953; Kocur, 1960, 1961; Hugo and Beveridge, 1962) , pseudomonads (e.g., Haynes, 1951;  Rhodes, 1959; and Lysenko, 1961) , certain vibrios and aeromonads (Naraynan, Devi, and Menon, 1953; Hugo and Beveridge, 1962) , and of other microorganisms (Bulder, 1955) . However, the writers were unable to locate a systematic study of relatively large numbers of members of each of the groups of Enterobacteriaceae.
In recent editions of Bergey's iManual (Breed, Murray, and Smith, 1957) , the genus Erwinia has been classified in the family Enterobacteriaceae. These bacteria may be subdivided into three or more groups, one of which includes bacteria that resemble Enterobacteriaceae but are pectolytic (Pectobacterium).
Thjotta and and K&ss, Lid, and Molland (1945) described five cultures isolated from soil under the designation Alginobacter acidofaciens. These investigators stated that cultures of this species were able to grow on a medium that contained sodium alginate as a sole source of carbon, to liquefy alginate jelly, and to form acid and gas in peptone medium containing alginate. Otherwise, the biochemical reactions given by the strains were said to be in close agreement with the characteristics of Escherichia freundii (Citrobacter freundii). However, it was stated that a positive Voges-Proskauer test was obtained. Thj0tta and Kass (1945) stated that a considerable number of cultures that belonged to E. coli, E. freundii, Salmonella, and Proteus were examined for alginase but were negative. The genus Alginobacter was classified as genus V of tribe I (Escherichieae, in the 7th edition of Bergey's Manual). The authors were unable to obtain any of the above-mentioned five cultures from any source.
MATERIALS AND METHODS
In all, 2,262 cultures that belonged to the various groups and subgroups of Enterobacteriaceae were tested for lipolytic activity on three media, and 2,276 strains were examined for utilization and liquefaction of sodium alginate and for liquefaction of sodium pectate. The majority of these were cultures that were submitted to the Enteric Bacteriology Laboratories for serological analysis and biochemical characterization during the past few years. However, some were type cultures of serotypes of Salmonella, Arizona, and Escherichia, and a few were received from other investigators. The biochemical and serological methods employed in the identification of the above-mentioned cultures were the same as those described earlier (e.g., Ewing, 1960; Edwards and Ewing, 1962) .
At the outset, corn, peanut, castor, and soybean oils were examined by the method of Berry (1933) and of Hugo and Beveridge (1962) , with cultures of Serratia marcescens used as test organisms. It was found that the Victoria blue medium mentioned by Hugo and Beveridge (1962) gave clear-cut results; hence, it was selected for use. The medium was prepared as follows: peptone, 10 g; yeast extract, 3 g; sodium chloride, 5 g; agar, 20 g; Victoria blue (aqueous solution, 1:1,500), 100 ml; and distilled water, 900 ml; at a final pH of 7.8. Corn oil, or other appropriate substrate, was added in 5.0% (v/v) concentration, and was mixed thoroughly into the medium.
This was accomplished by means of a magnetic stir-plate or a blender, or by brief treatment with a sonifier. The medium was distributed in tubes, sterilized at 115 C (10 lb) for 30 min, and allowed to solidify in a slanted position (long slants). The completed medium was light in color, and positive reactions were indicated by the development of a dark-blue color in the medium, in the growth, or in both. As mentioned by Hugo and Beveridge (1962) The pectate medium employed was that described by Starr (1947) , to which 0.5% yeast extract was added (Ewing, 1960) .
The media used in tests for utilization and liquefaction of alginate were modifications of Simmons' citrate agar and of an alginate medium mentioned by Skerman (1959) , respectively. The former was called alginate agar (synthetic), and was prepared by substituting 0.25 % sodium alginate for the citrate in Simmons' citrate agar medium. This was prepared and inoculated in the manner prescribed for Simmons' medium. The second was labeled nutrient alginate medium, and was prepared as follows: sodium alginate, 10.0 g; peptone, 2.0 g; yeast extract, 1.0 g; sodium nitrate, 2.0 g; potassium chloride, 0.5 g; magnesium sulfate, 0.5 g; ferrous sulfate, 0.01 g; potassium phosphate (monobasic), 1.0 g; agar, 15.0 g; and distilled water, 1,000 ml; at pH 7.0. The medium was distributed in tubes, sterilized at 121 C for 15 min, and allowed to solidify in a slanted position (long slants). Positive results are indicated by zones of clarification along the lines of inoculation.
The three media employed for the detection of lipolysis were incubated at 37 C for 7 days, and the pectate and alginate media were incubated at 37 C for 21 days. In certain instances (see below) the tests were also carried out at 22 C.
RESULTS
The results of tests with Enterobacteriaceae in media that contained triacetin, corn oil, and tributyrin are summarized in Table 1 . Members of the groups other than Enterobacter liquefaciens (Aerobacter liquefaciens) and Proteus vulgaris yielded very few positive reactions in triacetin medium. Further, it was probable that the positive reactions that occurred after the third or fourth day of incubation should be disregarded, because Hugo and Beveridge (1962) recommended 3 days of incubation, and because reactions that occurred after that period generally were doubtful or weak. The majority of strains of S. marcescens failed to hydrolyze triacetin, whereas the majority of cultures of E. liquefaciens did so (Table 1) . Hence, the medium may be of assistance in the differentiation of members of those groups.
With rare exceptions, cultures of Serratia and of E. liquefaciens gave positive indications of hydrolysis of both corn oil and tributyrin (Table  1) . Of the other Enterobacteriaceae tested, only DAVIS AND EWING strains of P. vulgaris and P. mirabilis yielded positive results in media that contained those substrates (Table 1) . Thus, the ability of members of the tribe Proteeae to hydrolyze corn oil and tributyrin appeared to be correlated with gelatin liquefaction and abundant hydrogen sulfide production.
With the exception of strains of Klebsiella pneumoniae and K. ozaenae, which were able to utilize sodium alginate as a source of carbon in the synthetic medium, none of the Enterobacteriaceae tested gave evidence of utilization or liquefaction of alginate. Of 90 cultures of K. pneumoniae tested, 80 (88.9%) produced growth on synthetic sodium alginate medium within 1 or 2 days, eight strains (8.9%) grew slowly (3 to 7 days), and two cultures failed to grow on the medium. Three of eight strains of K. ozaenae tested produced growth on this medium after 3 positive in 5 to 7 days to 7 days of incubation. Tests with 13 cultures of K. rhinoscleromatis were negative. None of the above-mentioned cultures liquefied alginate medium.
None of the 2,262 strains of Enterobacteriaceae tested liquefied the sodium pectate medium. DISCUSSION The results obtained with triacetin, corn oil, and tributyrin as substrates indicated that the lipolytic activities of members of the family Enterobacteriaceae were quite limited. Only members of E. liquefaciens (A. liquefaciens) and P. vulgaris yielded an appreciable number of positive reactions in triacetin medium within 4 days of incubation (Table 1) . Corn oil and tributyrin were hydrolyzed by members of the E. liquefaciens and Serratia groups and by P. vulgaris and P. mirabilis, but members of the other groups of Enterobacteriaceae yielded negative results with these substrates. Hence, the three media appeared to be of value in the differentiation of certain groups within the family. Because lipolytic activity was limited to members of only a few groups of Enterobacteriaceae, the tests also should prove to be helpful in the differentiation of members of the remaining groups from groups such as pseudomonads, aeromonads, and vibrios.
Because the Enterobacteriaceae tested gave no evidence of either pectolytic or alginolytic activity, these characteristics should be useful in defining the limits of the family. Further, it was clear that, because relatively large numbers of Enterobacteriaceae failed to liquefy alginate, bacteria that do so should not be classified in the family. Hence, the genus Alginobacter should be omitted from future classifications of the family Enterobacteriaceae.
Further studies should be made with pectolytic Erwinia species (Pectobacterium) to determine whether these bacteria should be classified with the Enterobacteriaceae. If this were done, the genus Pectobacterium could be appended to the tribe Klebsielleae as genus IV (Ewing, 1963) , the only genus whose members are capable of liquefying pectate.
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